INTRODUCTION
Pernicious Anemia (PA; Biermer's disease, Addisonian Anemia) is an autoimmune disease in the pathogenesis of which autoantibodies against the Intrinsic Factor (IFAb) and Parietal Cells (APCA) are involved [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . While IFAb interfere with absorption of Intrinsic Factor (IF) -vitamin B12 complex in the terminal ileum, APCA are directed against gastric enzyme H + /K + -ATPase (the proton pump) [5, 9, 17] . In patients with diagnosed autoimmune disease, other disorders of the kind may develop with time or simultaneously, most likely as a result of general immune disturbances as well as cross-reactions between the antibodies [1, 14, 16, [18] [19] [20] [21] [22] [23] [24] [25] [26] . The afore-mentioned pathophysiological mechanism would justify expanding the diagnostic process in order to detect the possible dysfunction of other organs. This seems especially significant considering that treatment of the primary disease may interfere with the diagnosis of the subsequent disorder. In this context, the coexistence of immunological pathologies of the hematopoietic system and other autoimmune disorders could justify implementation of a wider diagnostic panel at the onset of the initial symptoms of the abovementioned diseases [1] .
The aim of the study was to determine occurrence of IFAb and APCA in patients diagnosed with PA, as well as co-occurrence of IFAb/APCA and antibodies involved in pathological mechanism of some other (non-haematological) autoimmune diseases. Our centre of interest encompasses a notion of an "autoimmunological alert", i. e. predisposition of various autoimmunological diseases to co-exist, in spite of their different pathological mechanisms and various tissues, organs and systems being affected. The antibodies examined include those participating in the pathogenesis of PA as well as the development of other autoimmune disorders -Connective Tissue Diseases (CTD) and Coeliac Disease (CD). We have also strived to document the potential usefulness of the specific diagnostic and screening tests in patients affected with PA.
Characteristics of the antibodies tested
IFAb are specific for PA (98.6-100%) [9, 14] . IFAb sensitivity of 37-70% [9, 14, 18, [27] [28] [29] [30] increasing up to 80% along with the duration of the disease [27] is reported. However, these
antibodies are not present in all patients diagnosed with PA [12] . Both types of antibodies targeting IF are class IgG [14, 27] . In turn, the diagnostic sensitivity of APCA for PA is very high (80-97%), although their specificity (50-90.3%) is limited due to the number of other diseases in which these antibodies are present. APCA are detected in almost every case of PA but often also in the course of gastritis without anemia as well as in various autoimmune disorders [1, 4, 5, 9, 10, 14-18, 20, 24, 27-31] . The prevalence of APCA can precede the clinical symptoms of PA by years [9, 12, 22] and subsequently declines over time [12, 22, 28] , possibly due to the loss of their target, i.e. the parietal cells along with the progression of autoimmune gastritis [1, 4, 5, 9, 10, 14-16, 22, 24, 27-29, 31] , what could explain why some of the PA patients are APCA negative. Also, their prevalence in the general population rises with age [32, 33] . Most sources indicate that APCA do not occur in healthy people [4, 5, 9, 10, 14-16, 24, 27-29, 31] , although according to some studies, APCA are present in 2.5-9% of the healthy population [34] .
Anti-Nuclear Antibodies (ANA) play a role in the development and pathophysiological mechanism of CTD. Their clinical utility has long been well-established.
For instance, they are relevant for diagnosis of conditions such as systemic lupus erythematosus, Sjogren's syndrome, scleroderma, dermatomyositis, rheumatoid arthritis, CREST syndrome, or mixed connective tissue disease. Among several antibodies described as participants in the development of CD, we were mostly interested in the role of AntiEndomysium Antibodies (EmA). In children with suspicion of CD, presence of certain autoantibodies plays role in diagnostic process. First of all, the presence of antitransglutaminase antibodies (tTGA) is examined. In some cases, sufficiently high concentration of tTGA associated with presence of EmA allows to omit the diagnostic biopsy.
Measurement of antibodies to deamidated gliadin peptides might also be of use [35] .
Diagnostic criteria for adults allow several more possibilities. However, in this case as well serological testing for CD relies on tTGA as the first step. EmA may be used as a confirmatory test, particularly when tTGA has a low titer. The tTGA are the most sensitive for CD, whereas EmA are most specific [36, 37] . The above-mentioned antibodies are detected in the serum of CD patients [38] with high regularity. EmA are often detected even in the inactive stage of the autoimmune process and indicate a predisposition to the disease.
However, antiendomysial IgG may occur in apparently healthy persons.
PATIENTS AND METHODS
The weeks. Exclusion criteria were neoplasm; chronic renal failure (eGFR < 30 ml/min/1.73m 2 ); chronic hepatic failure (bilirubin above 34,2 µmol/l); symptomatic circulatory insufficiency; symptomatic respiratory failure; severe neurological diseases and mental disorders. In fact, within the examined group there were no persons with eGFR lower than 45 ml/min/1,73m 2 .
The control group (C) consisted of 41 people, being 30 women and 11 men of comparable age to the study group. The C group has been created in order to compare prevalence of ANA and
EmA between PA and C groups. Criteria for inclusion were age over 18 years; exclusion of autoimmune disease based on the interview and available test results; negative antibody result of IFAb and APCA; no clinical signs of organ dysfunction; no aberrations in blood count or blood smear; no aberrations in basic laboratory parameters (listed below), including vitamin B12 serum concentration; exclusion of chronic pharmacotherapy; negative history of autoimmune diseases in the family. In both groups (PA, C) blood for testing up to 20 ml was collected in the morning, in fasting state, from the ulnar vein using a vacuum system. Serum/plasma was stored at -75°C until antibody determination.
IFAb (IgG) was determined by Enzyme-Linked Immunosorbent Assay (ELISA) and quantified. The interpretation of test results accepted in the experiment was < 20 RU/mlnegative result; ≥ 20 RU/ml -positive result. Assays were made using the ELISA test kit from EUROIMMUN Medizinische Labordiagnostika AG, Germany. The upper cut-off limit recommended by the kit manufacturer is 20 Relative Units (RU)/ml. Since there is no international reference serum/plasma for IFAb assessment, the calibration is performed in relative units (RU/ml). The manufacturer evaluated the level of IFAb in 351 healthy blood donors using the EUROIMMUN ELISA test and at a cut-off point of 20 RU/ml, showed that all blood donors were negative (reference group). The linearity of the applied test was within the measurement range of 0.2-200 RU/ml. The lower detection limit of the test used is 1 RU/ml (analytical sensitivity). This limit was defined as three times the standard deviation of the blind test and was the lowest value of the determined IFAb titer. The test kit used does not show cross-reactions (analytical specificity). The kit also does not interfere with hemolytic, lipemic, and hyperbilirubinemia sera (up to 10 mg/ml hemoglobin, 20 mg/ml triglycerides, 0.4 mg/ml bilirubin). The coefficient variation (CV) for intra-assay-variation measurements and CV of inter-assay-variation measurements in various ranges, evaluated in order to control the repeatability, in the standard curve is 4-5.1% and 3.7-7.8%, respectively. The pattern can be homogeneous, peripheral, speckle, nucleolar, centromeric. If one of these specific taints did not occur, the result was treated as negative for these autoantibodies (the result precludes their presence). Sensitivity and diagnostic specificity is 98.3% and 93%, respectively.
EmA (IgG) was determined by ELISA and scored semi-quantitatively. The interpretation of test results accepted in the experiment was negative result; positive result.
Assays were performed using an Eagle Biosciences, USA ELISA test kit. The results were were determined using routine kits of biochemical analysers.
Statistical methods and tools:
SPSS software has been used for statistical analysis. In the statistical elaboration, variables were available in either the qualitative form (IFAb, APCA, ANA, EmA) and one parameter on the quantitative scale (IFAb). Relationship for which P < 0.05 were considered significant.
To assess the relationship between the nominal variables, the Chi-square Pearson independence test was used. For small samples size and df=1 Fisher's exact test has been used. A hierarchy of risk of the appearance of antibodies in the study group was developed. In order to achieve this, the probability maximizing approach has been used, with the probability of the response being taken into consideration. The study uses a Multidimentional Correspondence Analysis (MCA) for the occurrence of certain groups of antibodies in the study group. Thanks to this analysis, groups of clusters of certain measured parameters, e.g.
antibodies and diseases caused by them, can be selected. Table 1   Table 2   Table 3 Figure 1
RESULTS
IFAb or APCA occur in over 60% of patients who fulfill the criteria for diagnosis of PA (n=76/124). APCA are found in these patients more often (n=57/124) than IFAb (n=38/124) and simultaneous occurrence of both antibodies occurs in 15% ( the table) . The statistical analysis shows that there is no significant difference in the occurrence of ANA and EmA between PA and C groups. However, it is worth noting that ANA were found in 16.1% of patients with PA and in 4.9% of persons from the control group, and the occurrence of EmA in both groups is at similar level of around 2-3%. Thus, a tendency for a difference in ANA titer between the PA and C groups can be seen ( Table 2 ). The thesis whether in patients with PA there is an association between the occurrence of antibodies involved in the development of CTD and CD with antibodies involved in the pathogenesis of PA has been verified, and such statistically significant relationships were not found. It is also of interest that in 7.9% of the subjects diagnosed with IFAb, EmA were found at the verge of significance (P = 0.050) ( Table 3 ). The analysis of the thread has been extended with the MCA of the occurrence of certain groups of antibodies, which allowed the creation of a statistically significant (Chi-square=4584.51; P = 0.009) model (distribution of factors and their clusters on the Burt matrix). Based on this, it has been shown that PA patients in which IFAb or APCA occur, are highly probable to be EmA positive ( Figure 1 ).
DISCUSSION
Presence of either IFAb, or APCA, or, subsequently, both, constitutes one of the diagnostic criteria of PA. Thus, in clinical context, category "IFAb or APCA" has been introduced to encompass the whole population of examined PA patients. The aim of our paper is to define the group of patients in which risk of other autoimmune diseases would be the highest (i.e."autoimmunological allert" would be the most evident). Accordingly, in order to distinguish the group of patients in which both antibodies are present, "IFAb and APCA"category has been introduced. Introducing categories "IFAb", "APCA" allowed us to determine occurrence of each antibody in the examined population of PA patients. In the examined group of PA patients (n=124), IFAb or APCA occur in 61.3%. APCA occur more often (46%) than IFAb (30.6%), and the simultaneous occurrence of both antibodies occurs in 15.3% (Table 1 ). This remains in line with the data from the previously mentioned literature as well as other publications. For instance, in patients with PA who underwent endoscopy of the upper gastrointestinal tract (n=34), IFAb were found in 52%, APCA in 97% [15] , and the combination of both antibodies for PA yields 73% sensitivity (and 100% specificity) [18] .
IFAb were positive in 38% and APCA in 56% of patients (n=50) [39] . In turn, in a study of the Korean population (n=83), IFAb or APCA were present in 85.5% of PA patients (which is close to our result). However, conversely to our results, in this population, IFAb occur more often (77.5%) than APCA (43.2 %), and the simultaneous presence of both antibodies occurs in 34.6% [7] . The highest prevalence of PA is seen in Northern Europeans, especially those living in the United Kingdom and Scandinavia [9] . Could the above described epidemiological diversity be related to a different constellation of the prevalence of IFAb and APCA?
The prevalence of the analyzed antibodies has also been described in other autoimmune diseases, such as autoimmune thyroid disease (AITD), including Hashimoto or Graves diseases, as well as type 1 diabetes (T1D), vitiligo and CD [12, 14, 18, 24, 26, 40, 41] .
Genetic susceptibility for PA is suggested by a specific HLA-DR pattern, which is known to be associated with other autoimmune diseases [9, 12, 18, 21, 42, 43] . It has been proved that the genotypes of Human Leukocyte Antigen (HLA)-DRB1*03 and DRB1*04, which are known to be associated with other autoimmune disease such as T1D and AITD [21] , are also associated with PA. This observation supports the role of autoimmunity in PA [18] (in patients suffering from CD majority is HLA-DQ2 and/or DQ8 positive [35, 37, 44] [1] . APCA are also more frequent in patients diagnosed with Graves' disease, and vitiligo [5, 14, 22, 26, 31] . The coexistence of autoimmune diseases of the endocrine glands, with gastroenterological and rheumatic diseases, is referred to as Autoimmune Polyendocrine Syndrome (APS). Patients with APS had significantly higher frequencies of the HLA A24, A31, B8, B51, B62, DR3, and DR4 [45] . In order to continue our previous research [1] , we have decided to test patients suffering from PA for biochemical screening indicators of CTD (ANA) and CD (EmA). At first we have also considered screening the study group for antibodies involved in Latent Autoimmune Diabetes of Adults. However, after familiarizing ourselves with literature regarding cooccurrence of PA and LADA, we have found the possibility unlikely [46] . List of abbreviations: ANA -Anti-Nuclear Antibodies; C -Control; EmA -Anti-Endomysium Antibodies; PA -Pernicious Anemia; n -number of patients/controls; F -Fisher's exact test. 
